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AN 2001245009 MEDLINE 

DN 21129359 PubMed ID: 11233304 

TI Pharmacological profiles of mycophenolate mofetil (CellCept) , a new 

immunosuppre s s i ve agent . 
AU Yashima Y; Ohgane T 

CS Nippon Roche Research Center, Nippon Roche K.K., 200 Kajiwara, Kamakura 
City, Kanagawa 247-8530, Japan., yukihiko.yashima@roche.com 

SO NIPPON YAKURIGAKU ZASSHI . FOLIA PHARMACOLOGICA JAPONICA, (2001 Feb) 117 
(2) 131-7. Ref: 25 

Journal code: 0420550. ISSN: 0015-5691. 
CY Japan 

DT Journal; Article; (JOURNAL ARTICLE) 
General Review; (REVIEW) 
(REVIEW, TUTORIAL) 
LA Japanese 
FS Priority Journals 
EM 200105 

ED Entered STN : 20010517 

Last Updated on STN: 20010517 
Entered Medline: 20010510 
AB Mycophenolate mofetil (MMF, CellCept) , a semi synthetic derivative of 
- Tr^rccp h g\ roil- A. acid "(n ' rH/ ' piuduueu uy " a iimyus , is an itinlbitor or tne 
inosine monophosphate dehydrogenase ( IMPDH) enzyme (IC5 0 =25 
nM) that catalyzes the synthesis of guanosine monophosphate (GMP) from 
inosine. GMP is an essential nucleoside for purine synthesis during cell 
division. As T and B-lymphocytes almost exclusively use the de novo 
pathway of purine synthesis, these cells are particularly sensitive to the 
inhibitory action of MMF. It has a mechanism of action distinct from 
cyclosporine and tacrolimus. Although MMF does not affect cytokine 
production, by inhibiting the rate-limiting enzyme IMPDH in the 
de novo synthesis of purines, it inhibits the proliferation of T 
and B-lymphocytes, the production of antibodies, and the generation of 
cytotoxic T lymphocytes. Reversal of acute allograft rejection and 
increased survival of kidney, heart and bone marrow cell allograft has 
been shown in several animal studies. Moreover, it was suggested that MMF 
combined with CsA prevented the acute rejection, and approximately half of 
the animals became long-term survivors. The Ministry of Health and Welfare 
approved MMF in 1999 for use for rejection treatment in renal 
transplantation based on several prospective, randomized and blind 
efficacy trials. 
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AN 96279836 MEDLINE 

DN 96279836 PubMed ID: 8681386 

TI Structure and mechanism of inosine monophosphate 

dehydrogenase in complex with the immunosuppressant mycophenolic 
acid . 

AU Sintchak M D; Fleming M A; Futer 0; Raybuck S A; Chambers S P; Caron P R; 

Murcko M A; Wilson K P 
CS Vertex Pharmaceuticals Incorporated, Cambridge, Massachusetts 02139-4211, 

USA. 

SO CELL, (1996 Jun 14) 85 (6) 921-30. 

Journal code: 0413066. ISSN: 0092-8674. 
CY United States 

DT Journal; Article; (JOURNAL ARTICLE) 

LA English 

FS Priority Journals 

OS GENBANK-U13 3 72 

EM 199608 

ED Entered STN : 19960828 

Last Updated on STN: 19960828 

Entered Medline: 19960816 
AB The structure of inosine-5 ' -mo nophosphate 

* ( xnir unjr ■ iii complex " wi ' Lir IMP ana 

mycophenolic acid (MPA) has been determined by X-ray diffraction. 

IMPDH plays a central role in B and T lymphocyte replication. MPA 

is a potent IMPDH inhibitor and the active metabolite 

of an immunosuppressive drug recently approved for the treatment of 

allograft rejection. IMPDH comprises two domains: a core domain, 

which is an alpha/beta barrel and contains the active site, and a flankin 

domain. The complex, in combination with mutagenesis and kinetic 

data, provides a structural basis for understanding the mechanism of 

IMPDH activity and indicates that MPA inhibits 

IMPDH by acting as a replacement for the nicotinamide portion of 
the nicotinamide adenine dinucleotide cofactor and a catalytic water 
molecule . 
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AN 96279836 MEDLINE 

DN 96279836 PubMed ID: 8681386 

TI Structure and mechanism of inosine monophosphate 

dehydrogenase in complex with the immunosuppressant mycophenolic 
acid . 

AU Sintchak M D; Fleming M A; Futer 0; Raybuck S A; Chambers S P; Caron P R; 

Murcko M A; Wilson K P 
CS Vertex Pharmaceuticals Incorporated, Cambridge, Massachusetts 02139-4211, 

USA. 

SO CELL, (1996 Jun 14) 85 (6) 921-30. 

Journal code: 0413066. ISSN: 0092-8674. 
CY United States 

DT Journal; Article; (JOURNAL ARTICLE) 

LA English 

FS Priority Journals 

OS GENBANK-U13 3 72 

EM 199608 

ED Entered STN : 19960828 

Last Updated on STN: 19960828 

Entered Medline: 19960816 
AB The structure of inosine- 5 ' -m onophosphate 

dlclrjsX^MjwiicA P u 1 i xvirijxi j ±n uumpiex witn imp ana 

mycophenolic acid (MPA) has been determined by X-ray diffraction. 

IMPDH plays a central role in B and T lymphocyte replication. MPA 

is a potent IMPDH inhibitor and the active metabolite 

of an immunosuppressive drug recently approved for the treatment of 

allograft rejection. IMPDH comprises two domains: a core domain, 

which is an alpha/beta barrel and contains the active site, and a flanking 

domain. The complex, in combination with mutagenesis and kinetic 

data, provides a structural basis for understanding the mechanism of 

IMPDH activity and indicates that MPA inhibits 

IMPDH by acting as a replacement for the nicotinamide portion of 
the nicotinamide adenine dinucleotide cofactor and a catalytic water 
molecule . 
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AN 97150852 MEDLINE 

DN 97150852 PubMed ID: 8995388 

TI Isolation and characterization of mycophenolic acid-resistant 
mutants of inosine- 5 1 -monophosphate 
dehydrogenase . 

AU Farazi T; Leichman J; Harris T; Cahoon M; Hedstrom L 

CS Graduate Department of Biochemistry, Brandeis University, Waltham, 

Massachusetts 02254, USA. 
SO JOURNAL OF BIOLOGICAL CHEMISTRY, (1997 Jan 10) 272 (2) 961-5. 

Journal code: 2985121R. ISSN: 0021-9258. 
CY United States 

DT Journal; Article; (JOURNAL ARTICLE) 

LA English 

FS Priority Journals 

EM 199702 

ED Entered STN: 19970227 

Last Updated on STN: 19970227 

Entered Medline: 19970212 
AB Mycophenolic acid (MPA) is a potent and specific inhibitor of 

mammalian inosine -monophosphate dehydrogenases 

(IMPDH) ; most microbial IMPDHs are not s ensitive to 

mdt\ mf>7\ .jq^w^^^^^..^^^. - * 1111111,-ni mi J i'H r yp^ I I T - T ^r^ 

isolated in order to identify the structural features that determine the 

species selectivity of MPA. Three mutant IMPDHs were 

identified with decreased affinity for MPA The mutation of 

Gln277 --> Arg causes a 9-fold increase in the Ki of MPA, a 5-6-fold 

increase in the Km values for IMP and NAD, and a 3 -fold decrease in kcat 

relative to wild type. The mutation of Ala462 --> Thr causes a 

3 -fold increase in the Ki for MPA, a 2.5-fold increase in the Km for NAD, 

and a 1.5 -fold increase in kcat. The combination of these two 

mutations does not increase the Ki for MPA, but does increase the 

Km for NAD 3 -fold relative to Q277R and restores kcat to wild type levels. 

Q277R/A462T is the first human IMPDH mutant with 

increased Ki for MPA and wild type activity. The third mutant 

IMPDH contains two mutations, Phe4 65 --> Ser and Asp4 7 0 

--> Gly. Ki for MPA is increased 3 -fold in this mutant enzyme, 

and Km for IMP is also increased 3-fold, while the Km for NAD and kcat are 

unchanged. Thus increases in the Ki for MPA do not correlate with changes 

in Km for either IMP or NAD, nor to changes in kcat. All four of these 

mutations are in regions of the IMPDH that differ in 

mammalian and microbial enzymes, and thus can be structural determinants 
of MPA selectivity. 
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AN 2000437520 MEDLINE 

DN 20411273 PubMed ID: 10953035 

TI Inhibition of T lymphocyte activation in mice heterozygous for 

loss of the IMPDH II gene. 
AU Gu J J; Stegmann S; Gathy K; Murray R; Laliberte J; Ayscue L; Mitchell B S 
CS Lineberger Comprehensive Cancer Center, Department of Pathology, 

University of North Carolina, Chapel Hill, North Carolina 27599, USA. 
NC K08CA64444 (NCI) 

R01CA64192 (NCI) 

SO JOURNAL OF CLINICAL INVESTIGATION, (2000 Aug) 106 (4) 599-606. 

Journal code: 7802877. ISSN: 0021-9738. 
CY United States 

DT Journal; Article; (JOURNAL ARTICLE) 
LA English 

FS Abridged Index Medicus Journals; Priority Journals 
EM 200009 

ED Entered STN: 20000928 

Last Updated on STN: 20000928 
Entered Medline: 20000918 
AB Inosine 5 ' -monophosphate dehydrogenase ( 

IMPDH) is the rate- limiting enzyme in the de novo synthesis of 
guanine nucleotides, which are also synthesized from guanine bv a salvage— 
^u^-j-Li^rx" catal^z^u by nit? a " u ui (J TflO Softie - 1 in Keel enzyme hypoxanthine -guanine 
phosphoribosyltransf erase (HPRT) . Since inhibitors of 
IMPDH are in clinical use as immunosuppressive agents, we have 
examined the consequences of knocking out the IMPDH type II 
enzyme by gene targeting in a mouse model. Loss of both alleles of the 
gene encoding this enzyme results in very early embryonic lethality 
despite the presence of IMPDH type I and HPRT activities. 
Lymphocytes from IMPDH II(+/-) heterozygous mice are normal with 
respect to subpopulation distribution and respond normally to a variety of 
mitogenic stimuli. However, mice with an IMPDH II(+/-), 
HPRT(-/o) genotype demonstrate significantly decreased lymphocyte 
responsiveness to stimulation with anti-CD3 and anti-CD2 8 antibodies and 
show a 30% mean reduction in GTP levels in lymphocytes activated by these 
antibodies. Furthermore, the cytolytic activity of their T cells against 
allogeneic target cells is significantly impaired. These results 
demonstrate that a moderate decrease in the ability of murine lymphocytes 
to synthesize guanine nucleotides during stimulation results in 
significant impairment in T-cell activation and function. 



DN 20031537 PubMed ID: 10563825 

TI Species-specific inhibition of inosine 5'- 

monophosphate dehydrogenase by mycophenolic acid. 
AU Digits J A; Hedstrom L 

CS Department of Biochemistry, Brandeis University, Waltham, Massachusetts 

02454, USA. 
NC GM07956 (NIGMS) 

GM54403 (NIGMS) 
SO BIOCHEMISTRY, (1999 Nov 16) 38 (46) 15388-97. 

Journal code: 0370623. ISSN: 0006-2960. 
CY United States 

DT Journal; Article; (JOURNAL ARTICLE) 

LA English 

FS Priority Journals 

EM 199912 

ED Entered STN: 20000113 

Last Updated on STN: 20000113 
Entered Medline: 19991220 

AB IMPDH catalyzes the oxidation of IMP to XMP with the concomitant 

reduction of NAD (+) to NADH. This reaction is the rate-limiting step in de 
novo guanine nucleotide biosynthesis. Mycophenolic acid (MPA) is a potent 
inhibitor of mammalian IMPDHs but a poor 
inhibitor of microbial IMPDHs. MPA i nhibits 
■ ■ - "ZS 5i 3B £ 5--L j LlixJ iiig 1 ±iT liic iiiu\jL ~ iuamiUfat h air or tne etmucieotide site 

and trapping the covalent intermediate E-XMP. The MPA binding site of 

resistant IMPDH from the parasite Tritrichomonas f oetuscontains 

two residues that differ from human IMPDH. Lys310 and Glu431 of 

T. foetus IMPDH are replaced by Arg and Gin, respectively, in 

the human type 2 enzyme. We characterized three mutants of T. 

foetusIMPDH: Lys310Arg, Glu431Gln, and Lys310Arg/Glu431Gln in order to 

determine if these substitutions account for the species selectivity of 

MPA. The mutation of Lys310Arg causes a 10-fold decrease in the 

K(i) for MPA inhibition and a 8-13-fold increase in the K(m) 

values for IMP and NAD ( + ) . The mutation of Glu431Gln causes a 

6-fold decrease in the K(i) for MPA. The double mutant displays 

a 20-fold increase in sensitivity to MPA. Pre-steady-state kinetics were 

performed to obtain rates of hydride transfer, NADH release, and 

hydrolysis of E-XMP for the mutant IMPDHs. The 

Lys310Arg mutation results in a 3 -fold increase in the 

accumulation level of E-XMP, while the Glu431Gln mutation has 

only a minimal effect on the kinetic mechanism. These experiments show 

that 20 of the 450-fold difference in sensitivity between the T. foetus 

and human IMPDHs derive from the residues in the MPA binding 

site. Of this, 3 -fold can be attributed to a change in kinetic mechanism. 

In addition, we measured MPA binding to enzyme adducts with 6-Cl-IMP and 

EICARMP. Neither of these adducts proved to be a good model for E-XMP. 
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TI Synergistic combinations of guanosine analog reverse transcriptase 

inhibitors and inosine monophosphate 

dehydrogenase inhibitors and their antiviral use 
IN Margolis, David; Heredia, Alonso; Oldach, David 
PA University of Maryland Biotechnology Institute, USA 
SO PCT Int. Appl., 44 pp. 

CODEN: PIXXD2 
DT Patent 
LA English 
FAN.CNT 1 

PATENT NO. KIND DATE APPLICATION NO. DATE 
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RE 



MARPAT 133 :217680 

The invention discloses synergistic combinations of guanosine nucleoside 
analog reverse transcriptase inhibitors (e.g. abacavir) with 
inosine monophosphate dehydrogenase 

inhibitors (e.g. mycophenolates) , pharmaceutical compns . 
comprising such combinations, and therapeutic methods comprising 
administering the synergistic combinations to subjects in need thereof, 
for treating a viral (e.g. HIV-1) infection. 
CNT 4 THERE ARE 4 CITED REFERENCES AVAILABLE FOR THIS RECORD 

ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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AN 1999322387 MEDLINE 

DN 99322387 PubMed ID: 10390605 

TI Novel mycophenolic adenine bis (phosphonate ) s as potential 

immunosuppressants . 
AU Pankiewicz K W; Lesiak-Watanabe K; Watanabe K A; Malinowski K 
CS Pharmasset, Inc., 1860 Montreal Road, Atlanta, GA 30084, USA. 
SO CURRENT MEDICINAL CHEMISTRY, (1999 Jul) 6 (7) 629-34. 

Journal code: 9440157. ISSN: 0929-8673. 
CY Netherlands 

DT Journal; Article; (JOURNAL ARTICLE) 

LA English 

FS Priority Journals 

EM 199910 

ED Entered STN : 19991026 

Last Updated on STN: 19991026 
Entered Medline: 19991012 

AB Mycophenolic acid (MPA) is the most potent and specific inhibitor of 
inosine monophosphate dehydrogenase (IMPDH) . This compound was 
reported to bind the NAD site of IMPDH and mimic the binding of 
nicotinamide moiety of nicotinamide adenine dicnucleotide . We linked MPA 
derivatives with the adenine moiety of NAD through a 




dinucleotides (MADs) which resemble well the intact natural cof actor. The 
MAD analogues differ by the length of the side chain (linker) between the 
aromatic ring of mycophenolic derivative and the beta-phosphorus atom of 
the adenosine bis (phosphonate) moiety. Regardless of the linker size, MADs 
were found to be potent inhibitors of human IMPDH type 

I and type II with Ki ' s = 0.25-0.52 microM, an order of magnitude less 
potent than MPA itself (Ki = 0.01-0.04 microM) . The growth of K562 cells 
was inhibited by MPA (IC50 = 0.03 microM) and the MAD analogues (IC50 = 
0.01-1.15 microM) with a similar potency. Accordingly, a suppression of 
alloantigen- induced proliferation of human 

lymphoctyes by the MAD analogues at concentration of 10-2 0 microM was 

equally effective as that observed for MPA. In contrast to MPA, MAD 

analogues were found to be resistant to glucuronidation in 

vitro. Since therapeutic potential of MPA is limited by its undesirable 

glucuronidation, the glucuronidation- resistant MAD analogues 

may be superior immunosuppressants if they are not glucuronidated in vivo. 
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DUPLICATE 10 



DN 99322381 PubMed ID: 10390599 

TI Differential signatures of bacterial and mammalian IMP dehydrogenase 
enzymes . 

AU Zhang R; Evans G; Rotella F; Westbrook E; Huberman E; Joachimiak A; 
Collart F R 

CS Biosciences Division, Argonne National Laboratory. 
SO CURRENT MEDICINAL CHEMISTRY, (1999 Jul) 6 (7) 537-43. 

Journal code: 9440157. ISSN: 0929-8673. 
CY Netherlands 

DT Journal; Article; (JOURNAL ARTICLE) 

LA English 

FS Priority Journals 

EM 199910 

ED Entered STN: 19991026 

Last Updated on STN: 19991026 

Entered Medline: 19991012 
AB IMP dehydrogenase (IMPDH) is an essential enzyme of de novo 

guanine nucleotide synthesis. IMPDH inhibitors have 

clinical utility as antiviral, anticancer or immunosuppressive agents. The 
essential nature of this enzyme suggests its therapeutic applications may 
be extended to the developm ent of antimicrobial agents . Bacterial 
IMPDII ■cn^jiTuCTr ' &hvjw biuuuemi cai ana Kinetic cnaracteristics that 
are different than the mammalian IMPDH enzymes, suggesting 
IMPDH may be an attractive target for the development of 
antimicrobial agents . We suggest that the biochemical and kinetic 
differences between bacterial and mammalian enzymes are a consequence of 
the variance of specific, identifiable amino acid residues. Identification 
of these residues or combination of residues that impart this mammalian or 
bacterial enzyme signature is a prerequisite for the rational 
identification of agents that specifically target the bacterial enzyme. We 
used sequence alignments of IMPDH proteins to identify sequence 
signatures associated with bacterial or eukaryotic IMPDH 

enzymes. These selections were further refined to discern those likely to 
have a role in catalysis using information derived from the bacterial and 
mammalian IMPDH crystal structures and site-specific 
mutagenesis. Candidate bacterial sequence signatures identified by 
this process include regions involved in subunit interactions, the active 
site flap and the NAD binding region. Analysis of sequence alignments in 
these regions indicates a pattern of catalytic residues conserved in all 
enzymes and a secondary pattern of amino acid conservation associated with 
the major phylogenetic groups. Elucidation of the basis for this 
mammalian/bacterial IMPDH signature will provide insight into 
the catalytic mechanism of this enzyme and the foundation for the 
development of highly specific inhibitors- 
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TI Update on preclinical and clinical experience with mycophenolate mofetil 
AU Sollinger, H. W. 

CS Dep. Surg., Univ. Wisconsin Sch. Med., Madison, WI, 53792, USA 

SO Transplantation Proceedings (1996), 28(6, Suppl . 1), 24-29 /? q tjn 

CODEN: TRPPA8; ISSN: 0041-1345 ^ J 

PB Appleton Sc Lange 
DT Journal 
LA English 

AB A no. of excellent reviews have described in detail the discovery and 
rationale for the development of mycophenolate mofetil (MMF) as an 
immunosuppressive drug candidate. The goal of the original research 
initiated by Syntax was to identify new immunosuppressants for 
transplantation by finding ways to selectively interfere with the 
activation and proliferation of T- and B - lymphocytes . A genetic 
defect in the purine metab. of children with inherited adenosine deaminase 
deficiency was obsd. to correlate with reduced levels of T- and 
B - lymphocytes , although brain function and levels of other blood cells 
remained reasonably normal . This finding led to speculation that the 
inhibition of de novo purine sy nthesis in lymphocytes, bv blocking 
tL^ ^ulrun ul ulii. ^u^ynie J iKJgxn~e~~monopnospnate 
dehydrogenase (IMPDH) , could selectively inhibit 

the proliferation of T- and B- lymphocytes in preference to other 
cell types capable of using a salvage pathway for purine synthesis. 
Mycophenolic acid (MPA) (Fig 1), a fermn. product of several Penicillium 
species and a potent inhibitor of IMPDH, was selected 
for study in preference to nucleoside analogs, which risked 
mutagenic or other undesirable side effects. Addnl . , MPA had been 
studied for some time as a possible treatment for tumors and psoriasis 
without reports of serious side effects. MMF is the morpholinoethyl ester 
of MPA (Fig 1), a deriv. specifically developed to improve the oral 
bioavailability of the drug; MMF is readily hydrolyzed in blood-cell 
culture or in vivo to give MPA. As outlined in the following section, 
preliminary in vitro and animal model studies quickly demonstrated that 
MMF was a potentially valuable immunosuppressive drug without serious side 
effects or limiting toxicity. These studies also established that the 
immunosuppressive effects of MMF are derived from a no . of consequences 
resulting from IMPDH inhibition: selective redn. of T- 
and B- lymphocyte proliferation, inhibition of antibody 

formation and, perhaps, even modification of cytokine prodn. in the immune 
response . 
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AB Mycophenolate mofetil (MMF) is a novel immunosuppressive drug that shows 
promise in preventing the rejection of organ allografts and in the 
treatment of ongoing rejection. Orally administered MMF is hydrolvzed bv 
e ot&L "a amj ' in tin, Imjcfa Line auu uruuti CO re~le~ase mycopnenolic acid (MPA) , a 
potent, selective, noncompetitive inhibitor of the type 2 
isoform of inosine monophosphate dehydroxygenase (IMPDH) 
expressed in activated human T and B lymphocytes. By inhibiting 
IMPDH, MPA depletes the pool of dGTP required for DNA synthesis. 
MPA has a more potent cytostatic effect on lymphocytes than on other cell 
types, and this is the principal mechanism by which immunosuppressive 
activity is exerted. MPA also depletes pools of GTP in human lymphocytes 
and monocytes, thereby inhibiting the synthesis of fucose- and 
mannose -containing saccharide components of membrane glycoproteins. These 
are recognized by the family of adhesion molecules termed selectins. By 
this mechanism, MPA could decrease the recruitment of lymphocytes and 
monocytes into sites of graft rejection. In addition to preventing 
allograft rejection, MMF suppresses graft -versus -host reactions in lethal 
and nonlethal murine models. MMF inhibits primary antibody 
responses more efficiently than secondary responses. MPA inhibits 
the proliferation of human B lymphocytes transformed by 
Epstein-Barr virus and is not mutagenic. Clinically attainable 
concentrations of MPA suppress the proliferation of human 

arterial smooth muscle cells. These two properties of MPA may decrease the 
risk of lymphoma development and proliferative arteriopathy in long-term 
recipients of MMF . 



